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TO THE EDITOR
The skin epidermis and its appendages
function as essential barriers protecting
the body against major environmental
challenges, such as water loss and
microorganism infection (Gross, 2008;
Blanpain and Fuchs, 2009). The corni-
fied envelope, a prominent feature of
the stratum corneum, determines the
essential properties of the epidermal
barrier function (Candi et al., 2005).
This envelope is a complex layer of
lipids attached to a layer of crosslinked
proteins, mainly several proteins en-
coded by a tight cluster of genes at the
epidermal differentiation complex on
human chromosome 1q21 (Marenholz
et al., 1996; Mischke et al., 1996). In
recent years, the S100 fused-type pro-
tein (SFTP) gene family within this gene
cluster has received increasing interest
in understanding the critical role of
impaired skin barrier function in the
development of complex skin disorders.
For example, common loss-of-function
mutations within the filaggrin gene
cause ichthyosis vulgaris, one of the
most common heritable disorders of
cornification, and represent major
risk factors for atopic dermatitis
(Palmer et al., 2006; Smith et al.,
2006). Another SFTP member, tricho-
hyalin, contributes to hair morphology
and is associated with the pathogenesis
of alopecia areata (Medland et al.,
2009; Leung et al., 2010). We have
recently identified two SFTP members,
hornerin and filaggrin-2, in healthy
human skin and suggest that different
SFTPs might have overlapping functions
(Wu et al., 2009a, b). These studies
underline the importance of molecular
characterization of members of the
complete gene family.
By using bioinformatic analysis in
combination with rapid amplification of
cDNA ends PCR, trichohyalin-like 1was
identified in foreskin-derived primary
keratinocytes (GenBank accession num-
ber AY456639; gene symbol TCHHL1
(trichohyalin-like 1)). The assembled
nucleotide sequence contains an open
reading frame of 2,715 nucleotides,
encoding a putative B99-kDa protein
of 904 amino acids. By homology
analysis, this protein harbored a typical
S100 domain at its amino terminus and
a central repetitive region consisting of
10 tandem repeats, each having a size of
35–65 amino acids, suggesting that
TCHHL1 is a novel member of the SFTP
family (Supplementary Figure S1a–c
online). Analysis of the overall amino-
acid composition of the repetitive region
revealed that, like trichohyalin, TCHHL1
is particularly rich in glutamine (9.1%)
and lysine (7.3%), the two donor and
acceptor residues essential for the
formation of transglutaminase-catalyzed
Ne(g-glutamyl)-lysyl isopeptide bonds
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Figure 1. Molecular identification of the TCHHL1 gene. (a, b) Quantitative real-time PCR analysis of
(a) TCHHL1 and (b) trichohyalin mRNA expression at various localizations of human skin. Data were
obtained from three independent experiments with different samples of skin and are indicated as absolute
mRNA copy number per 10 ng of total RNA and as the mean±SD. (c) Schematic diagram of TCHHL1
evolution derived from Supplementary Figure S2 online. The origins of TCHHL1 and hair in various
vertebrates were mapped onto a phylogenetic tree of vertebrates. (d) Western blot of rTCHHL1 with
the polyclonal anti-TCHHL1 antibody produced in this study. The rTCHHL1369784 (B45 kDa) was
reduced with Tris-(2-carboxyethyl)phosphine hydrochloride and loaded onto 15% SDS-PAGE.
Chemiluminescent prestained proteins served as molecular weight markers.
Abbreviations: IRS, inner root sheath; SFTP, S100 fused-type protein; TCHHL1, trichohyalin-like 1
(Lorand and Graham, 2003). One-to-one
orthologs could be found in placental
and marsupial mammals, including
chimpanzee, marmoset, mouse, rabbit,
pig, alpaca, cow, and opossum, but not
in monotremes or birds (Figure 1c;
Supplementary Figure S2 online).
Thus, the TCHHL1 gene is a conserved
gene in mammals, which originated
prior to the split of marsupials and
placental mammals (176 million years
ago), but after the split of the mono-
tremes and placental mammals
(220 million years ago) (Benton and
Donoghue, 2007). Earlier than that of
the trichohyalin gene, the origin of
TCHHL1 coincides with a special
period of the evolution of fine hair
(Alibardi, 2004).
To determine the expression profile
of TCHHL1 in different normal tissues
and cells, we performed quantitative
real-time PCR analysis with different
skin biopsy samples. The expression of
TCHHL1 exhibited significant differ-
ences in all those skin samples investi-
gated: trace levels in the foreskin
(1.46±0.22 copies per 1 ng of total
RNA) and breast (4.67±0.42 copies per
1 ng of total RNA); low levels in the
face parietal area (14.29±3.21 copies
per 1 ng of total RNA) and upper legs
(33.80±2.00 copies per 1 ng of total
RNA); and high levels in the male chin
(545.2±29.5 copies per 1 ng of total
RNA) and scalp (909.0±83.5 copies
per 1 ng of total RNA) (Figure 1a). In
contrast, trichohyalin exhibited con-
stantly low expression in these tissues
examined (Figure 1b). Thus, TCHHL1
appears to be a hair-specific protein.
To evaluate the expression of the
TCHHL1 protein, we generated poly-
clonal antibodies against recombinant
TCHHL1 fragment (residues 369–784)
in a goat. Western blot analysis
showed that the antibody could detect
the monomer antigen (recombinant
TCHHL1), as well as its multimers
(Figure 1d). By immunohistochemical
analysis of skin sections, we found
that TCHHL1 immunoreactivity was
restricted to the central and distal inner
root sheath (IRS) of the hair follicle,
where it decreased proximally until it
disappeared in the proximal portion
(Figures 2a, c, and e). As a comparative
control, the immunopositivity of tricho-
hyalin, another SFTP member, was det-
ected in the stratum corneum as well
as throughout all regions of the IRS by
a commercial anti-trichohyalin mAb
(Figures 2b, d, and f). To further exa-
mine whether there is cross-reactivity
Anti-TCHHL1 Anti-trichohyalin
Anti-TCHHL1+ rTCHHL1 Anti-trichohyalin+rTCHHL1
– Anti-rTCHHL1 – Anti-trichohyalin
Figure 2. Localization of TCHHL1 in hair follicles. (a–f) Immunohistochemical analysis of TCHHL1 and
trichohyalin in skin sections. Paired healthy skin sections from (a, b) scalp, (c, d) chin, and (e, f) palmar
sites were stained with (a, c, e) anti-TCHHL1 antibody or (b, d, f) anti-trichohyalin mAb. Bars¼ 50mm.
(g–l) Blocking experiments. (g, h) Positive control experiments with the first antibodies. (i) Staining with
1.25ngml1 anti-TCHHL1 preincubated with 2.5ngml1 anti-trichohyalin; (j) staining with 12.5ngml1
anti-trichohyalin preincubated with 100ngml1 rTCHHL1. (k, l) Negative control experiments without
the first antibodies. All specimens are from the identical hair of the chin. Bars¼50mm.
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between the two antibodies, we inves-
tigated their activity against recombi-
nant proteins prior to staining of the
hair follicle originating from the head.
As controls, we observed both, the
positive staining signals with the first
antibody (Figures 2g and h) and the
negative staining signals without the first
antibody (Figures 2g and h). Preincuba-
tion of anti-TCHHL1 with recombinant
TCHHL1 completely abolished the
immunostaining pattern (Figure 2i); in
contrast, a parallel experiment in which
the monoclonal anti-trichohyalin anti-
body was preincubated with excessive
recombinant TCHHL1 did not alter the
immunoreactivity against trichohyalin
(Figure 2l). These data confirm no
cross-reactivity between the antibodies
that were used and indicate that tricho-
hyalin and TCHHL1 exhibit different
localization patterns in the skin. Given
the fact that the distal IRS is essential for
the exit of hair on the epidermal surface
(Tobin et al., 2002), TCHHL1 may have
a role, different from trichohyalin, in the
hair growth cycle.
In summary, our work has identified
and characterized a novel SFTP
member, TCHHL1, in the skin. We
show that TCHHL1 is an evolutionarily
conserved, lineage-specific gene that
originated before the emergence of
therian mammals. In contrast to tricho-
hyalin, TCHHL1 is localized in a
spatially restricted zone within the
distal IRS of the hair follicle. Thus,
TCHHL1 may be of fundamental
importance in hair morphogenesis.
Future studies will have to determine
the functional role of TCHHL1 in hair
biology.
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TO THE EDITOR
Nitric oxide (NO) is a key mediator in
cutaneous physiology (Weller, 2003),
but an increasing number of studies
suggest that both nitrate and nitrite, the
oxidative end products of NO metabo-
lism, exert biological activity as well.
These NO metabolites may have thera-
peutical potential for diseases such as
hypertension, myocardial infarction,
stroke, renal failure, ischemia/reperfu-
sion-related organ damage, and gastric
ulcers (Lundberg and Weitzberg, 2010).
Apart from the local topical adminis-
tration of NO and other NO-related
substances to improve wound healing
(Amadeu et al., 2008), dermal adminis-
tration can also be used as percutaneousAbbreviation: NO, nitric oxide
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